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Modified Supported Metallocene Catalysts for the Polymerization of Olefins 

The invention relates to modified supported metallocene catalysts for the polym- 
erization of olefins, based on inorganic oxides and metallocenes. 

Metallocenes of the metals of e.g. transition group IV of the Periodic Table of the 
Elements are highly active catalysts for the polymerization of olefins. The result- 
ing poiycierir*:. iuvc riev* e^varit&g&ous cornbinaxions anc supp»en sent trie proo- 
uct range of the polyolefins prepared hitherto using known conventional Ziegler- 
Natta catalysts. 

It is known that catalysts based on unbridged, substituted and unsubstituted 
biscyclopentadienyl metallocenes in combination with aluminoxanes as cocata- 
lyst can be used for the preparation of polyethylene and ethylene-olefin copoly- 
mers (EP 0 128 046). 

It is also known that stereoregular polyolefins can be prepared using bridged, 
chiral metallocenes. For bridging the ligand systems, use is mostly made of di- 
methylsilane-diyl groups (EP 0 316 155), methylphenylsilanediyl groups {EP 0 
320 762), ethylene groups (Brintzihger, J. Orgahomet. Chem. 288 (1985), 63- 
67 ) isopropylidene bridges { EP 0 459 264) and silyl-substituted diyl bridges 
(WO 97 02 276). 

Depending on the ligand type and the substituents, isotactic, syndiotactic, hemi- 
isotactic, stereoblock-type and atactic homopolymers and copolymers having 
aliphatic or cyclic structures can be prepared. 

As ligands, preference is given to using substituted and unsubstituted cyclopen- 
tadienyl units ( EP 316 155), substituted and unsubstituted indenyl units (EP 0 
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302 424; EP 0 485 823) and also substituted and unsubstituted cyclopentadi- 
enyl units in combination with unsubstituted fluorenyl groups (EP 0 412 416). 

It is further known that bridged metallocenes having a cyclopentadienyl system 
and a heteroatom ligand (constrained geometry catalyst) can also be used for the 
polymerization of olefins ( U§ 5 Q&S 83J*h» - — 

are the resulting powders, having only a low bulk density. The particle morphol- 
ogy of such products can in principle be somewhat improved by a specific pre- 
treatment of the metallocene with the cocatalyst (EP 0 302 424). However, 
such a process has the disadvantage of, in particular, heavy deposit formation in 
industrial reactors (EP 0 563 917). 

Although the use of methylaluminoxane, which is insoluble in aliphatic solvents, 
as support material gives a certain improvement in the activity and likewise leads 
to pulverulent products [ Polymer 32(1991), 2671-2673]. 

Supporting the metallocene on oxidic materials such as silicon oxide or alumin- 
ium oxide with pretreatment of the starting material, which may be partially de- 
hydrated, with the cocatalyst is a known method (WO 91 09 882) used in ho- 
mopolymerization and copolymerization of ethylene. However, in this method, 
the particle size of the polymer particle is determined essentially by the particle 
size of the support material. 

Further processes describe the modification of the oxidic support using methyl- 
aluminoxanes and the subsequent application of the metalloc ne (EP 0 206 
794). However, this m thod restricts the ability to control the particle size by 
means of the properties of the support materials. 
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EP 0 685 494 describes a further supported catalyst which is prepared by the 
application of methylaluminoxane to a hydrophilic oxide, subsequent crosslinking 
of the methylaluminoxane using a polyfunctional organic crosslinker and subse- 
quent application of an activated methylaluminoxane/metallocene complex. The 
disadvantage of this supported catalyst is that at the relatively high polymeriza- 
tion conversions achieved in industrial plants, the strength of the supported 
catalysts is not sufficient to ensure a compact, granular, morphology of the 
K pctyrrifec pt'GGuct. 

A support material by drying hydrophilic inorganic oxides and reacting with alu- 
minoxanes and polyfunctional crosslinkers gives, after contacting with catalysts, 
a supported catalyst system for a stable high bulk density in olefin polymeriza- 
tion even at high conversion rates (EP 0 787 746). 



Methods for modifying homogeneous catalysts and supported catalyst systems 
by pre-polymerization are also known. 

In EP 0 354 893 a homogeneous catalyst is prepared by pre-polymerizing a 
preci-pitated complex of an aluminium alkyl and a metallocene catalyst with an 
olefin monomer at a temperature below the polymerization temperature of the 
monomer, followed by polymerizing the olefin monomer under polymerization 
conditions. EP 0 426 638 describes the pre-polymerization of propylene in com- 
bination with homogeneous metallocene catalysts for reproducible and control- 
lable polymerization. The disadvantage of homogeneous polymerization, resulting 
in powders having only a low bulk density, is not resolved in these processes. 

For supported catalyst systems, pre-polymerization of olefinic monomers is 
known from EP 0 705 281 using bis-indenyl metallocene reaction product cata- 
lysts whereby the indenyl rings are 2-substituted, further from WO 97 02 297 
wherein th por s of the catalyst system contain a volume of liquid that is equal 




to or less than the total pore volume of the supported catalyst system. In WO 96 
28 479, a supported metallocene catalyst system having an activity greater than 
100,000 g/g/h and at least an a-olefin monomer are combined under pre- 
polymerization conditions, hydrogen is added, and after recovering the pre- 
polymerized supported catalyst system, ethylene or propylene is fed for polym- 
erization. _ ^ ~ * ■ * 

'^■• r ,c w*. -tc T\.c.L. Cl.isC : % arv"Lc.^bt U'tbfcc kfiC VvTi pk b-pOhy f not »2cliO. t pi OG^SSfct is 

the impossibility to use the known metallocene supported catalysts necessary for 
the production of high molecular weight polyolefins without reactor fouling, for- 
mation of polymer fines resulting from soluble catalyst components and dis- 
rupted catalyst components in the initial phase of the olefin polymerization under 
technical liquid olefin polymerization conditions. 

It is therefore an object of the invention to find a supported metallocene catalyst 
for liquid-phase polymerization of olefins for the production of high molecular 
weight polyolefins without reactor fouling, formation of polymer fines resulting 
from soluble catalyst components and disrupted catalyst components in the ini- 
tial phase of the olefin polymerization. 

It has now surprisingly been found, that these requirements are achieved by a 
modified supported metallocene catalyst for olefin polymerization, especially for 
liquid-phase polymerization of olefins, comprising 

A) 90.0 - 99.9 parts by weight of a cataiyst support based on a hydrophilic 
inorganic oxide of an element of main groups II to IV or transition group IV of the 
Periodic Table or a mixture or mixed oxide thereof, which catalyst support is ob- 
tainable by simultaneous reaction with aluminoxanes and with polyfunctional 
organic crosslinkers, 
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B) 1 0 - 0. 1 parts by weight of a metallocene compound of the formula I 



L, 




where 

M is a metal selected from the group consisting of Ti, Zr, Hf, V, Nb and Ta or 
an element selected from the group consisting of the lanthanides, 
X, and X 2 are identical or different and are each a C,-C, 0 -alkyl group, a C,-C, 0 - 
alkoxy group, a C 6 -C, 0 -aryl group, a C 6 -C, 0 -aryloxy group, a C 2 -C 10 -alkenyl group, 
a C 7 -C 20 -alkylaryl group, a (VCjo-arylalkyl group, a C 8 -C 20 -arylalkenyl group, hy- 
drogen or a halogen atom. 



L, and L 2 are identical or different and are each an unsubstituted, monosubsti- 
tuted or polysubstituted monocyclic or polycyclic hydrocarbon radical containing 
at least one cyclopentadienyl unit which can form a sandwich structure with M, 
R is carbon, silicon, germanium or tin, 

F and G are identical or different and are each a trimethylsilyl radical of the for- 
mula -Si(CH 3 ) 3 , where G may also be a C,-C, 0 -alkyl radical, preferably a C,-C 4 - 
alkyl radical, or a C 6 -C, 0 -aryl radical, 

whereby according to the invention said supported metallocene catalyst com- 
prising the catalyst support A and the metallocene B has an activity of maximum 
100 kg, preferably maximum 50 kg, particularly preferred maximum 20 kg 
polyolefin/g supported catalyst/h and is modified by pre-polymerization with an 



olefin or an olefin mixture different from the olefin or olefin mixture of the sub- 
sequent olefin polymerization, resulting in 0.01 -1.0 parts by weight, relative to 
A + B f of a polyolefin or olefin copolymer C), different to the polyolefin or olefin 
copolymer from the subsequent olefin polymerization or olefin copolymerization, 
and whereby the melting point or softening point of the polyolefin or olefin co- 
polymer C) resulting top l^-p^erization' is at to 20^°C ftigher, preferably 
30 °C or 50 °C higher than the melting point or softening point of the polyolefin 
ctetir. copcsyrfie: , iesu«x?f>c frer^ tt.fc tuicc^u w.oYu, ^ui*, aitsEhZ&tiori o* olefin 
copolymerization under application of said modified supported metallocene cata- 
lyst. It is also possible that the supported metallocene catalyst has an activity of 
maximum 5 kg or maximum 10 kg polyolefin/g supported catalyst/h. 

The hydrophilic oxides used in the catalyst support A) usually contain hydroxyl- 
groups and/or physically absorbed water. They are preferably porous and finely 
divided and usually have a mean particle size of from 10 to 300 microns. 

Preferably the hydrophilic inorganic oxide in the catalyst support A) is an alumi- 
num oxide (alumina), silicon oxide (silica), magnesium oxide, titanium oxide or 
zirconium oxide or a mixture or mixed oxide thereof. Particular preference is 
given to using silicon dioxides of the Grace Davison type. However, other suit- 
able starting materials are finely divided oxides, for example those described in 
EP 0 585 544, which are prepared by high temperature hydrolysis from gaseous 
metal chlorides or silicon compounds. 

According to the present invention, the aluminoxane used in the catalyst support 
A) is a linear aluminoxane of the formula II 




(ID 



n 



"KM 999 
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or an aluminoxane of the cyclic type III 



R 



o — 



Ar 



(III) 



- n + 2 



where, in the formula II and III, the radicals R can be identical or different and 



radicals R are identical and are methyl, isobutyl, phenyl or benzyl. The aluminox- 
ane can be prepared in various ways by known methods. One possibility is, for 
example, the reaction of aluminium alkyls with aluminium sulphate containing 
one water of crystallisation (EP 0 302 424). 

In the catalyst support A), the molar ratio of aluminium (as aluminoxane) to sur- 
face hydroxyl groups of the hydrophilic inorganic oxide is between 1 and 50, 
preferably between 1 and 30. 

According to the invention, suitable polyfunctional organic crosslinkers in the 
catalyst support A) are all inorganic compounds having more than one functional 
group which can react with metal-carbon bond. Preference is given to using a 
Afunctional crosslinker. Such bifunctional organic compounds can be, for exam- 
ple, aliphatic or aromatic diols, aldehydes, dicarboxylic acids, primary or secon- 
dary diamines, diepoxy compounds. Most preference is given to using aliphatic 
and aromatic diols, secondary amines or diepoxy compounds or mixtures thereof. 
Particular preference is given to using ethylene glycol, butanediol, bisphenol A 
and 1 ,4-butanediol diglycidyl ether. Tri- or higher functional crosslinkers which 
can be used are, for example, triethanolamine, glycerol, phloroglucinol or tetra- 
ethylenepentamine. 



S£C .". c ■. • i --L fc -t!K'y . c 
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The molar ratio between the aluminium as aluminoxane and the polyfunctional 
organic compound in the catalyst support can vary within a wide range and is 
between 1 and 100, preferably between 1 and 40. Higher molar- ratios of alu- 
minium to "polyfunctional organic compound are used particularly when use is 
made of tri- or higher-functional crosslinkers -which can form a correspondingly 
higher number of crosslinks. , , , ~ - - - ^ * 

Acco?Qir.£ \g the irtver.tion, pfeiesrec UycfiGi auc/u ^ 2 ut tnt rvibxailocerifc 
compound B) are substituted or unsubstituted cyclopentadienyl, indenyl or fluo- 
renyl radicals. Particular preference is given to cyclopentadienyl, tetramethylcy- 
clopentadienyl, indenyl, 2-methylindenyl, 2-methyl-4-phenylindenyl, 2-methyl- 
4,5-benzoindenyl and fluorenyl units and also- ferrocene- and ruthenocene- 
substituted units as are described, for example, in EP 0 673 946. 

-According_to the invention, the following metallocenes are particularly preferred : 
bis (trimethylsilyl) silanediyldicyclopentadienylzirconium dichloride, 
bis (trimethylsilyl) silanediyldiindenylzirconium dichloride, 
bis (trimethylsilyl) silanediylbis (2-methylindenyl) zirconium dichloride, 
bis (trimethylsilyl) silanediylbis (2-methyl-4,5-benzoindenyl) zirconium dichloride, 
bis (trimethylsilyl) silanediylbis (2-methyl-4-phenylindenyl) zirconium dichloride, 
bis (trimethylsilyl) silanediylbis (2-methyl-4-naphthylindenyl) zirconium dichloride, 
bis (trimethylsilyl) silanediyldifluorenylzirconium dichloride, 
bis-(trimethylsilyl) silanediyl-(fluorenyl) (cyclopentadienyl) zirconium dichloride, 
bis (trimethylsilyl) silanediyl (fluorenyl) (indenyl) zirconium dichloride, 
bis (trimethylsilyl) silanediyl (tetramethylcyclopentadienyl) (indenyl) zirconium 
dichloride, 

methyl (trimethylsilyl) silanediyldicyclopentadienylzirconium dichloride, 

methyl (trimethylsilyl) silanediyldiindenylzirconium dichloride, 

methyl (trimethylsilyl) silanediylbis (2-methylindenyl) zirconium dichloride. 



methyl (trimethylsilyl) silanediylbis (2-methyl-4,5-benzoindenyl) zirconium dichlo- 
ride, 

methyl (trimethylsilyl) silanediylbis. (2-methyl-4-phenylindenyl) zirconium dichlo- 
ride, ~~ 

methyl (trimethylsilyl) silanediylbis (2-methyl-4rnaphthylindenyl) zirconium dichlo- 
ride, 

methyl (trimethylsilyl) silanediyldifluorenylzirconium dichloride, 

methyl (tHrnethyisiiyi; sitanediyl (fiucrertyl] tcycscpcraoaiorry i) zirconium Gicfrio- 
ride, 

methyl (trimethylsilyl) silanediyl (fluorenyl) (indenyl) zirconium dichloride 
and 

methyl (trimethylsilyl) silanediyl (tetramethylcyclopentadienyl) (indenyl) zirconium 
dichloride. 

According to. the l invention^ in _the_metallocene compound B) in addition also 
amido, phosphido and arsenido radicals can be used as ligands L 2 , where the 
substituents of these ligands are as defined for X, and X 2 , or substituted or 
fused ferrocenyl- or ruthenocenyl-radicals. 

According to the invention, preferably the olefin or an olefin mixture used in the 
modification of the supported metallocene catalyst by pre-polymerization, re- 
sulting an polyolefin or olefin copolymer C), is 3-methylbutene-1, 4- 
methylhexene-1, 4-methylpentene-1 , vinylcyclohexane, vinylcyclopentane and/or 
vinylcyclopropane. 

The invention further provides a process for preparing a modified supported met- 
allocene catalyst for polymerization of olefins, especially in liquid phase, com- 
prising the steps: 



a) preparing a catalyst support A) by 



a1) drying a hydrophilic inorganic oxide of an element of main groups II to IV or 
transition group IV of the Periodic Table or a mixture or mixed oxide thereof at 
from 110 to 800°C, subsequently 

cc2) if desired, reacting the free hydroxyl groups of the oxide completely or par- 
tially with aluminoxanes or aluminium alkyls and subsequently 
ot3} j;§a£jing« - tias«SXjde -simultaneously-witft^lDmin^xahes and polyfunctional or- 
ganic crosslinkers, 

P) suspending the catalyst support A) in an inert hydrocarbon and bringing it in 
contact with a solution of a metallocene compound B) of the formula I in an in- 
ert hydrocarbon, wherein 90.0 - 99.9 parts by weight of a catalyst support A) 
are mixed with 10-0.1 parts by weight of the metallocene compound B) 



M is a metal selected from the group consisting of Ti, Zr, Hf, V, Nb and Ta or 
an element selected from the group consisting of the lanthanides, 
X, and X 2 are identical or different and are each a (VC^-alky! group, a C,-C 10 - 
alkoxy group, a C 6 -C 10 -aryl group, a C 6 -C 10 -aryloxy group, a C 2 -C 10 -alkenyl group, 
a CVQjo-alkylaryl group, a C 7 -C 20 -arylalkyl group, a Ce-C^-arylalkenyl group, hy- 
drogen or a halogen atom. 




< 




(I) 



where 



L, and L 2 are identical or different and are each an unsubstituted, monosubsti- 
tuted or polysubstituted monocyclic or polycyclic hydrocarbon radical containing 
at least one cyclopentadienyl unit which can form a sandwich structure with M, 
R is carbon, silicon, germanium or tin, 

F and G are identical or different and are each a trimethylsilyl radical of the for- 
mula -Si(CH 3 ) 3 , where G may also be a C^C^-alkyl radical, preferably a C,-C 4 - 
alkyl radical, or a C 6 -C 10 -aryl radical, 

y) modifying said supported metallocene catalyst, which has an activity of maxi- 
mum 1 00 kg, preferably maximum 50 kg, particularly preferred maximum 20 kg 
polyolefin/g supported catalyst/h, by pre-polymerization with an olefin or an ole- 
fin mixture different from the olefin or olefin mixture of the subsequent olefin 
polymerization, resulting in 0.01 - 1.0 parts by weight, relative to the sum of 
the weight of the catalyst support and the metallocene compound, of a polyole- 
fin or olefin copolymer C), different to the polyolefin or olefin copolymer from the 
subsequent^olefin polymerization or olefin copolymerization, and whereby the 
melting point or softening point of the polyolefin or olefin copolymer C) resulting 
from pre-polymerization is at least 20 °C higher, preferably 30 °C or 50 °C higher 
than the melting point or softening point of the polyolefin or olefin copolymer, 
resulting from the subsequent olefin polymerization -or olefin copolymerization 
under application of said modified supported metallocene catalyst. 

—In the first stage a1),-the oxide is-preferably dehydrated in a stream of nitrogen 
or under reduced pressure at temperatures of from 1 1 0 to 800°C over a period 
from 1 to 24 hours. The concentration of free hydroxyl groups, established as a 
function of the drying temperature selected, is then measured. The free hydroxyl 
groups can be reacted completely or partially with aluminoxanes or aluminium 
alky Is in stage a2). 
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In stage <x3), the dried oxide is reacted simultaneously with aluminoxanes and at 
least one polyfunctional organic crosslinker, which is suspended, for example, in 
a suitable hydrocarbon solvent such as toluene in such a way that it is covered 
with the solvent. The solvents for the aluminoxane and for the crosslinker have 
to be miscible and the same solvents are preferable used. Particular preference is 
given to using Joluene. - * * 

*.r. ti\€ preparcAicri r: t:.f cata iysi £up^c:\ t>>t ;\ A.ic 4 :a*au u'l cfcUiittriiiiirtL {zt. 
aluminoxane) to the surface hydroxyl groups of the hydrophilic inorganic oxide 
is, e.g. between 1 and 50, preferably between 1 and 30, particularly preferably 
between 5 and 20. 

To prepare the solution needed in stage ct3), the solvent used for the crosslinker 
can be the same as for the aluminoxane solution. Owing to the temperature de- 
pe ndenc e of the solu bility of these crosslinkers in the solvent used, the desired 
concentration can be set in an targeted manner by the choice of the temperature 
of the solution. Particularly advantageous is the selection of a solvent whose 
boiling point is below the decomposition temperature of the solid prepared in 
stage cc3). Preference is given to using aromatic solvents such as xylene, ben- 
zene or toluene. 

When using the polyfunctional crosslinkers in preparing the catalyst support in 
-stage-a3), -it-is also possible, in a further reaction stage, to deactivate unreacted 
reactive groups using, for example, alkylaluminium compounds, preferably using 
trimethylaluminium. 

The molar ratio between the aluminium used in stage <x3) as aluminoxane and 
the crosslinker can vary within a wide range and is between 1 and 1 00, prefera- 
bly betw en 1 and 40, particularly preferably between 10 and 25. It is depend- 
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ent, in particular, on the type and pretreatment of the metal oxides, the type of 
aluminoxanes used, on the respective molar ratio of aluminium (as aluminoxane) 
to the surface hydroxy! groups on the metal oxide and on the type of crosslinker. 
Higher molar ratios of aluminium to the crosslinker are used particularly when 
use is made of tri- or higher functional, crosslinkers which can form a corre- 
spondingly higher number of crosslinks. 

i r*e suspended criec cxioe trom stage a'i, is preiecaDiy u eaxec wiih a solution ov 
aluminoxane and a solution of one or more polyfunctional organic crosslinkers in 
the same solvent. If desired, it is also possible in stage a2) to react the free hy- 
droxyl groups of the oxide with an up to equimolar amount of an aluminoxane or 
an aluminium -alkyl solution, -for example trimethylaluminium, prior to the 
crosslinking reaction. Preference is given to using methylaluminoxane for this 
purpose. It has been found to be particularly advantageous if all hydroxyl groups 
have been reacted. Ho wever f - even-a~partial-reaetion- of these-groups gives a 
positive effect; ~ - — - ±=±--.-- — 

According to the invention, in stage a3) for preparing the catalyst support, the 
metering in of the solutions is carried out simultaneously and continuously and 
the crosslinker solution may b^heated or cooled if desired. The temperature to 
which the solution is heated or cooled depends on the solubility of the 
crosslinker in the solvent selected and on the desired crosslinking density on the 
-support-surface— The rate at which the two streams are metered in can be set by 
means of metering pumps and is in a range between 0.1 and 1000 ml per min- 
ute, preferably between 0.5 and 250 ml per minute, particularly preferably be- 
tween 1 and 50 ml per minute. The reaction is preferably carried out in such a 
way that all the aluminoxane has been r acted after the simultaneous metering 
in of the two solutions. Under some circumstances, fluctuations in the reaction 
conditions on th industrial scale can be lead to unreact d aluminoxane remain- 
ing in th solution. The usable catalyst supports as described in EP 0 685 494 
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display a soluble aluminium proportion in the solvent used of preferably less than 
1.4 mol% based on the aluminoxane used. In this case, it is possible to carry out 
one or more washing steps in order to reduce the concentration below the de- 
sired limit. It is also possible to add a further amount of alumoxane and to store 
the resulting suspension to improve the catalyst - performance (DE-OS 
19821370). t , - -.~ 

complete, the reaction mixture is stirred further for about 60 minutes and the 
solvent is then removed. The residue can be dried under reduced pressure, but it 
is preferably used further in the moist state. 

The metallocene compounds, used for the supported metallocene catalyst B are 
prepared by reacting metallocenes of the formula IV 




where L 1r L^, F, G and R are as defined for the formula I and M' is an alkali 
metal, preferably lithium, with a compound of the formula V 

M <X') 2 X,X 2 (V) 

Where M, and X 2 are as defined for the formula I and X' is a halogen atom, 
preferably chlorine. 

Preparing th metallocene compounds B), the reaction of the dimetallated com- 
pound of the formula IV with the metal halide of the formula V can be carried 
out, for example, as described in EP 0 659 756. How ver, the r action of the 
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dimetallated compound of the formula IV with the metal halide of the formula V 
is advantageously carried out in solvent mixtures of aromatic and/or aliphatic 
hydrocarbons, which may also be halogenated, with dialkyl ethers, preferably 
alkane/ether mixtures such~asrforexample, hexane/ether mixtures. Aliphatic hy- 
drocarbons can be, for example, all C s -C 12 -alkanes. Preference is given to n- 
pentane, n-hexane, n-heptane or cyclohexane. Among the dialkylethers, prefer- 
ence is given to all di-C 2 -C 4 -alkyl ethers, for example diethyl ether, di-n-propyl 
ether, diiscpropy; et;.e. , ci-r.-t.UTyi ethe; ttf i-Du\yi-i«,fa-triy. ecr.ti. txarr.pies o\ 
suitable halogenated hydrocarbons are all C,-C 4 -chloroalkanes. Particular prefer- 
ence is given to dichloromethane. 

Th preparation of the supported metallocene catalyst according to P is carried 
out by suspending the catalyst support A) in an inert hydrocarbon, preferably 
toluene, and bringing it into contact with the metallocene compound B). In this 
procedure, the metallocene compound is dissolved, for example, in an inert hy- 
drocarbon. Inert solvents whjch can be used are, for example, aliphatic or aro- 
matic hydrocarbons, preferably toluene. The metallocene compounds B) are pref- 
erably used in an amount of from 0.3 wt % to 5 wt % based on the total mass 
of the supported catalyst. The mixing time is from 5 minutes to 24 hours, pref- 
erably from 1 to 1 2 hours. The mixing is carried out at a temperature of from - 
10 to +80°C, in particular from 20 to 70°C. The application of the metallocene 
compound B) is preferably carried out subsequent to the synthesis of the support 
A) -in order to save a drying step. After the reaction is complete, the solvent is 
decanted and taken off under reduced pressure until a free-flowing solid remains. 

Preferred monomers for the modification of the supported metallocene catalyst 
by pre-polymerization are 3-methylbutene-1, 4-methylhexene-1, 4- 
methylpentene-1, vinylcyclohexane, vinylcyclopentane and/or vinylcyclopropane. 
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According to the invention the pre-polymerization of the supported metallocene 
catalyst is carried out in absence of a solvent or in an inert hydrocarbon solvent. 
The pre-poiymerization temperature is trom particularly -20 to 95°C, preferably 
from 0 to 60°C. The treatment of the supported metallocene catalyst may be 
carried out under reduced, atmospheric or elevated pressure batchwise or con- 
tinuously * - ^ 

is at a rate from 0,05 to 20 g monomer/g supported metallocene catalyst/h f 
more preferably from 0.5 to 2 g monomer/g supported metallocene catalyst/h. 

According to the invention, the pre-polymerization of these monomers in pres- 
ence of the supported metallocene catalyst is carried out preferably in gas phase. 



. _. In a preferred embodiment especially for. liquid-phase -polymerization- of propyl- 
ene, the modification of the supported metallocene catalyst is carried out by pre- 
polymerization of 4-methylpentene-1 . 

The modified supported metallocene catalyst of the invention is polymerization- 
active without further activating additives. However, it has been found to be 
particularly advantageous to use aluminium alkyls, preferably trimethylaluminium, 
triethylaluminium or triisobutylaluminium, as scavenger and as additional activa- 

tor. The-amount-is,-based-on the~aluminium 7 -50 — 5000 mol, preferably 100 - 

500 mol, per mol transition metal of the metallocene compound in the modified 
supported metallocene catalyst. 

According to the invention the modified supported metallocene catalysts may be 
used for the polymerization of olefins or olefin mixtures, in particular C 2 -C 16 -a- 
olefins, preferably ethylene, propylene, butene-1, h xene-1, octene-1, 4-methyl- 
pentene-1, cyclopentene, norbornene and/or norbornadiene. The modified sup- 
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ported metallocene catalysts make possible the preparation of homopolymers, 
copolymers and blockcopolymers. Most preferred is the use of the modified sup- 
ported metallocene catalysts tor the polymerization of propylene. 

The invention further provides a process for preparing polyolefins by polymeriza- 
tion or copolymerization of olefins, wherein the polymerization catalyst used is a 
modified supported metallocene catalyst as according to the invention. 

In liquid phase polymerization, it is possible to use inert solvents, for example, 
aliphatic or cycloaliphatic hydrocarbons such as pentane, hexane or cyclohexane; 
toluene can also be used. Preference is given to carrying out the polymerization 
in the liquid monomer. 



If required, hydrogen is added as molecular weight regulator. The total pressure 
in the polymerization is usually 0.5 - 150 bar. Polymerization is preferably car- 
ried out in the pressure range of 1 - 40 bar. 

In the copolymerization of ethylene with propylene, the polymerization is pref- 
erably carried out in liquid propylene or in hexane as suspension medium. In the 
polymerization in liquid propylene, the ethylene is preferably fed in an amount 
such that a partial pressure ratio P propylonc /P ethylene > 0.5, in particular > 1 .0, is 
established over the liquid phase (P**^ = partial pressure of the ethylene in the 
gas phase over the suspension; P prepvtene = partial pressure of the propylene in the 
gas phase over the suspension). In the copolymerization in hexane as suspension 
medium, an ethylene/propylene gas mixture having a propylene content of from 
1 to 50 mol%, preferably from 5 to 30 mol%, is fed in. The total pressure is 
kept constant during the polymerization by metering in a further amount. The 
total pressure is from 0.5 to 40 bar, preferably from 1 to 20 bar. The polymeri- 
zation time is from 10 minutes to 6 hours, preferably from 30 minutes to 2 
hours. 
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The modified supported metallocene catalysts make possible the preparation of 
high molecular weight polyolefins and olefin copolymers without reactor fouling, 
without formation of polymer fines resulting from soluble catalyst components 
and disrupted catalyst components in the initial phase of the olefin polymeriza- 
tion, esgeci§.^ "Partible size and 
particle size distribution may be controlled in all stages of polymerization proc- 
ess. The poiyoievsns ar k c oiefin ccpciymeis aic oLia*. r ibo a\ y;a*.uiai verm ever* ct 
high polymerization conversions, they have a high bulk density and a low fines 
content. 

The following examples illustrate the invention. 
Abbreviations used are : 



13 C-NMR 


13 C nuclear magnetic resonance spectroscopy 


dso 


Mean particle diameter determined by sieve analysis 


'H-NMR 


1 H nuclear magnetic resonance spectroscopy 


M w 


Weight average molar mass in g/mol determined by GPC 


M n 


Number average molar mass in g/mol determined by GPC 


M w /M„ 


Polydispersity 


MAO 


Methylaluminoxane 


MC 


Metallocene compound 


MS 


mass spectrometry 


T m 


Melting point determined by DSC 


catp Ure 


supported catalyst without pre-polymer 


catp^poi 


pre-polymerized catalyst 


m c«t 


weight of the supported catalyst 


m pre-pol 


weight of the pre-polymer 



Example 1 

Preparation ot the catalyst-support- 



The silica (pore volume 1.58 cm 3 /g; surface area 300 m 2 /g) was dried at 200 °C 
using the procedure described in EP 787 746 Example 1. The OH content was 
2.05 mmol/g Si0 2 . 

:C£. i c ot the tii ib<^ txicc were? suspbraObo h t "t.A- « cry toiubnt= in c, x?iree-nBC*v 
|P flask equipped with a stirrer and two dropping funnels. In the first dropping fun- 
nel* 252 g (1298.3 mmol of Al) of a 30% strength solution of methylaluminox- 
ane (MAO) in toluene were mixed with 740 ml of toluene and the second drop- 
ping funnel was charged with a-solution of 12.25 g bisphenol A (53.72 mmol) in 
613 ml oxygen-free toluene. 

After J 27.5 mLof_the_ MAO_solution had_been initially-introduced into the sus- 
pension at -55 °G-within-15 minutes-under-moderate stirring, the two solutions 
were simultaneously added dropwise within approximately 40 minutes. The stir- 
rer speed during this procedure was 200 rpm. The rate of dropwise addition was 
low and was selected such that both solutions were consumed at a suitable de- 
crease in volume. The suspension was subsequently stirred for further three 
hours at 55 °C and was then allowed to stand. A fine white solid settled out. 
After pressurizing with 0.3 bar nitrogen, the cold suspension was stored for at 

least-three -weeks. -— 

Subsequently the supernatant toluene was removed, the residue was again taken 
up two times with 800 ml toluene and washed for 15 minutes at 70°C. After 
separation of the white solid the supernatant washing solutions were removed. 
The resulting catalyst support suspension was directly used for the catalyst 
preparation. 



Example 2 

Preparation ot the metallocene compound 



121 ml of a 1.5 molar methyllithium solution (180.3 mmol) are added under ar- 
gon at -8Q °G to a ^alutijon of 4*7*5 g 490'^nffmdl) a? 1,1, f # 2-tetramethy Ibis [2- 
methyl-4-phenylindenyl) disilane (M. Kumada, J. Organomet. Chem. 43 (1972) 

;r. 4 0v I:** i \ hlstCidt Ctt&'uV} t btttb, < site t&cUiOh Ic'hX'iutc lit bjOUt,iVi tc ioor.t 

temperature over a period of 1 hour and stirred further for 20 hours at room 
temperature. After taking off the solvent in a high vacuum, a red-brown oily 
residue is obtained. This is admixed with 200 ml of absolute n-hexane, the re- 
sulting suspension is filtered under argon and the filtration residue is washed 
three times with absolute n-hexane. After drying for 30 minutes in a high vac- 
uum, 46.6 g of the corresponding dilithium salt (96.0 % yield) is obtained as an 
orange powder which is used_without further- purif ication f or the synthesis of the 
zirconocene dichloride. 

A suspension of 21.0 g of zirconium tetrachloride in 300 ml of absolute n- 
hexane is added at -80 °C to a solution of 46.6 g of the dilithium salt in 300 ml 
of absolute diethyl ether. After warming to room temperature over a period of 
two hours, the mixture is stirred for 20 hours at room temperature. After taking 
off the solvent in a high vacuum, the solid residue is washed twice with 100 ml 
absolute diethyl ether. The ether fractions are collected, the solvent is evapo- 
rated to a residual volume of -100-rnl-and the solution is cooled to -30 °C for a 
few days, yielding an amorphous product which is isolated by filtration. After 3 
hours drying in vacuum, a 10.0 g amount of pseudorac- 
methyl(trimethylsilyl)silanediyl(2-methyl-4-phenylindenyl) zirconium dichloride 
(16.0 % yield) is obtained. After further recrystallization from diehtylether at 30 
°C a purity of 99 % (1 1 .0 % yield) is reached. 
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C 36 H 36 Si 2 Zr Cl 2 (686,99 g/mol) 

MS (Ei, 30 eV) [m/z (%)]: 687 (14) . 

— 1 H-NMR (CD 2 CI 2 ) [ppm]: 0762 " (s,~ 9H, (CH^Si-SiCHJ ; 1.51 (s, 3H, 
(CH 3 ) 3 Si-SiCH3) ; 2.26 and 2.32 (s, 3H, Chb-lnd) ; 6.95 to 7.62 (m, 18 H, 
Ph/lnd-H) 

Example 3 

Preparation of the supported metallocene catalyst 

To 19.96 g of the catalyst support, prepared according to example 1, suspended 
in toluene (the solid is covered), a solution comprising 0.177 g of methyl (tri- 
methylsilyl) silanediylbis- (2=methyl-4-phenylindenyl) zirconium dichloride, pre- 
pared according to example 2 and 60 ml of toluene was added. The suspension 
b came orange coloured-and this colour became increasingly intense during the 
course of the stirring phase. After 1 6 hours, the stirrer was switched off. The 
catalyst was washed 2 times and the supernatant clear solution was decanted. 
Removal of the solvent at 50 C C under reduced pressure gave a red/orange finely 
divided solid. The metallocene content was 0.9 wt %. 

Example 4 

^Propylene polymerization using the supported metallocene catalyst 

A 20 I stirred reactor was, after being made inert, charged at room temperature 
with 6.5 kg of liquid propylene and the mixture was stirred for 15 minutes at 
200 rpm. 

438 mg of the supported metallocene catalyst prepared in Example 3 w re 
placed in the catalyst feed r. Subsequently the powder was rinsed into the reac- 
tor using a further 500 g of propylene, the stirrer speed was increased to 400 



rpm, the mixture was heated over a period of 1 2 minutes to the polymerization 
temperature of 70 °C and the temperature was kept constant. The reaction was 
stopped after two hours by flashing off the propylene. This gave 109.5 g of 
polypropylene with a fines content {<100 //m) determined by sieve analysis of 
3.8 % by weight. The activity was 0.25 kg/g catp Ure x 2 h. The polymer particles 
were granular (M w = 604 kg/mol; polydispersity 2.9; T m = 153 °C) and the re- 
actor showed deposits on the stirrer, the thermocouple and the wall above the 
liquid pnase. 

Example 5 

Modification of the supported metallocene catalyst by pre-polymerization 

A modified thin-film evaporator was used for the pre-polymerisation. The evapo- 
rator was placed in a glove box and equipped with a powder flask that contained 
the catalyst powder^-The system-was connected with a second flask filled with 
oxygen and moisture free' 4-methylpentene-1. 10 g of the catalyst prepared in 
example 3 were placed in the powder flask. The pressure was reduced to the 
vapour pressure of the monomer. 0.1 bar hydrogen was added. The polymeriza- 
tion conversion was followed by weighing the flask. After a polymerization time 
of one hour the weight ratio pre-polymer to catalyst (mp^/m^) was 0.4. Sof- 
tening of the pre-polymer began at a temperature of 234 °C. 

Example 6 

Propylene polymerization using the supported metallocene catalyst 

A 20 I stirred reactor was, after being made inert with nitrogen, charged at room 
temperature with 6.5 kg of liquid propylene, 2 I hydrogen and with a 1 molar 
triethylaluminum / hexane solution and th mixture was stirred for 1 5 minutes at 
200 rpm. The triethylaluminum / hexane solution was fed in such an amount that 
a TEAL/Zr molar ratio of 600 was adjust d. 
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260 mg of the unmodified supported metallocene catalyst prepared according to 
Example 3 were mixed with the co-catalyst for 15 minutes. Subsequently the 
mixture was finsea into the reactor using a further 500 g of propylene, the stirrer 
speed was increased to 400 rpm, the mixture was heated over a period of 12 
minutes to the polymerization temperature of 70°C and the temperature was 
kept constant. The reaction was stopped after two hours by flashing off the pro- 
pylene. This gave 1536 g of polypropylene with a fines content (<100 \im) de- 
terr/.:;\e^ «\ v^ v: ~ e^-aiysti, i % by weight. I lit acdvky wa^ kg / g cat 
x 2h. The polymer particles were granular (M w = 345 kg/mol; polydispersity 
2.9; T m = 153 °C) and the reactor showed deposits on stirrer, thermocouple and 
the wall above the liquid phase. 

Example 7 

Propylene polymerization using a 4-methylpentene-1 pre-polymerized catalyst 



The polymerisation was carried out by the method described in Example 6, but 
using 445 mg of the pre-polymerized catalyst of Example 5. 

This gave 1938 g of polypropylene with a fines content (<100 urn) determined 
by sieve analysis of 1.2 % by weight. The activity was 4.4 kg / g catp^, x 2h 
(6.1 kg/g cat^ x 2h). The polymer particles were granular (M w = 324 kg/mol; 
polydispersity 2.8; T m = 153 °C) and the reactor showed no deposits on the in- 
ternal fittings or the wall. 

Example 8 

Propylene polymerization using a 4-methylpentene-1 pre-polymerized catalyst 

The pre-polymerization was carried out by the method described in Example 5. 
The weight ratio pre-polymer to catalyst (m^^/m^) was 0.8. Softening of the 
pre-polymer began at a temperature of 232 °C. 



The polymerization reactor was charged with 295 mg of the pre-polymerized 
catalyst. 

This gave 1663 g of polypropylene with a fines content (<100 urn) determined 
by sieve analysis of 1.5 % by weight. The activity was 5.6 kg / g catp^, x 2h 
(10.1 kg / g catp um x 2h). The polymer particles were granular (M w = 355 

the internal fittings or the wall. 

Example 9 

Propylene polymerization using a 3-methylbutene-1 pre-polymerized catalyst 

The pre-polymerisation was carried out by the method described in Example 5. 
The gaseous 3-methylbutene-1 was directly fed without dilution to the pre- 
polymerization reactor over a period of 4 hours. No hydrogen was used. The 
weight, ratio pre-polymer to catalyst im p ^Jm cat ) was 0.2. Softening of the pre- 

polymer-began-ata temperature of 301 °C. — — 

The polymerisation reactor was charged with 546 mg of the pre-polymerized 
catalyst. 

This gave 1 184 g of polypropylene with a fines content (<100 jam) determined 
by sieve analysis of 0.9-% by weight. The activity was 2.2 kg / g catp^, x 2h 
(2.6 kg / g catp Ure x 2h). The polymer particles were granular (M w = 336 kg/mol; 
polydispersity 2.8; T m = 153 °C) and the reactor showed no deposits on the in- 
ternal fittings or the wall. 

Example 10 

Propylene copolymerization using a 4-methylpentene-1 pre-polymerized catalyst 

The pre-polymerization was carried out by the method described in Example 5. 
The weight ratio pre-polymer to catalyst (m pre . pd /mj was 0.8. Softening of the 
pre-polymer began at a temperature of 232 °C. 
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The 20 I stirred polymerization reactor was, after being made inert, charged at 

room temperature with 6.5 kg of liquid propylene, 85 g ethylene, 2 I hydrogen 

and with a 1 molar triethylaluminum /hexane solution and the mixture was 

stirred 1 5 minutes at 200 rpm. The triethylaluminum / hexane solution was fed 

in such an amount that a TEAL/Zr mole ratio of 600 was adjusted. 

The polymerization reactor was charged with 295 mg of the pre-polymerized 

catalyst. 

i he r oocttor* was ier r/anctec artei 3C fYiineiei: ii'mr. cht exxtu\ cor. version. 
The polymerization run gave 607 g of polypropylene copolymer with a fines con- 
tent (<100 |im) determined by sieve analysis of 1.6 % by weight. The activity 
was 5.8 kg / g cat^o, x 2h (10.4 kg / g catp^ x 2h). The polymer particles were 
granular (M w = . 280 kg/mol; polydispersity 2.8; T m = 142 °C) and the reactor 
showed no deposits on the internal fittings or the wall. 
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Claims: 



EPO- Munich 
59 

OZOkt. 1999 



1. A modified supported metaliocene catalyst tor olefin polymerization, com- 
prising 



A) 90.0 - 99-9 parts by weight of a catalyst support based on a hydrophilic 
inorganic oxide of an element of main groups II to IV or transition group IV of 

r-ci icc:: . afcit C' t nr.ixi^re. c; ra.xec cxice thbt&uc f Vvhici\. catalyst sup- 
port is obtainable by simultaneous reaction with aluminoxanes and with poly- 
functional organic crosslinkers, 

B) 10 - 0.1 parts by weight of a metaliocene compound of the formula I 

Li 



(I) 




where 



M is a metal selected from the group consisting of Ti, Zr, Hf, V f Nb and Ta 
or an element selected from the group consisting of the lanthanides, 
X t and X 2 are identical or different and are each a C^C^-alkyl group, a C r 
C 10 -alkoxy group, a C e -C 10 -aryl group, a C e -C 10 -aryloxy group, a C 2 -C 10 -alkenyl 
group, a C 7 -C 20 -alkylaryl group, a C 7 -C 20 -arylalkyl group, a C 8 -C 20 -arylalkenyl 
group, hydrogen or a halogen atom, 
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L, and L 2 are identical or different and are each an unsubstituted, monosub- 
stituted or polysubstituted monocyclic or polycyclic hydrocarbon radical con- 
taining at least one cyclopentadienyi unit which can form a sandwich struc- 
ture with M, 

R is carbon, silicon, germanium or tin, 

f aMi^ are w^tr ^ of the 

formula -Si(CH 3 ) 3f where G may also be a C^C^-alkyl radical, preferably a 

characterized in that the supported metallocene catalyst comprising A and B, 
has an activity of maximum 100 kg preferably maximum 50 kg, particularly 
preferred maximum 20 kg polyolefin/g supported catalyst/h and is modified 
by pre-polymerization with an olefin or an olefin mixture different from the 
olefin or olefin mixture of the subsequent olefin polymerization, resulting in 
—0.01 1.0 parts by-weight, relative to A + B, of a polyolefin or olefin co- 
polymer C), different to the polyolefin or olefin copolymer from the subse- 
quent olefin polymerization or olefin copolymerization, and whereby the 
melting point or softening point of the polyolefin or olefin copolymer C) re- 
sulting from pre-polymerization is at least 20 °C, preferably 30 °C higher than 
the melting point or softening point of the polyolefin or olefin copolymer, re- 
sulting from the subsequent olefin polymerization or olefin copolymerization 
under application of said modified supported metallocene catalyst. 

The modified supported metallocene catalyst as claimed in claim 1 , wherein 
the hydrophilic inorganic oxide in the catalyst support A) is an aluminum ox- 
ide, silicon oxide, magnesium oxide, titanium oxide or zirconium oxide or a 
mixture or mixed oxide thereof. 
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3. The modified supported metallocene catalyst as claimed in claiml or 2, 
wherein the ligands and/or L 2 in the metallocene compound B) are substitu- 
ted or unsubstiiuieci cyclopentadienyi, jnaenyLor.Iiuorenyl radicals. 



4. The modified supported metallocene catalyst as claimed in any of claims 1 to 
3 f wherein the olefin or olefin mixture used in the modification of the suppor- 
ted metallocene catalyst by pre-polymerization, resulting a polyolefin or olefin 

;x»pofyrr*e: C). h chosen ttorn th* fefCLf -r; a et:iVS^;^-ibue-' , A 

methylhexene-1 , 4-methylpentene-1, vinylcyclohexane r vinylcyclopentane 
and/or vinylcyclopropane. 

5- A process for preparing a modified supported metallocene catalyst for po- 
lymerization of olefins, comprising the steps: 

a) preparing a catalyst support A) by 

al) drying a hydrophilic inorganic oxide of an element of main groups II to IV 
or transition group IV of the Periodic Table or a mixture or mixed oxide 
thereof at from 1 10 to 800°C, subsequently 

cc2) if desired, reacting the free hydroxyl groups of the oxide completely or 
partially with aluminoxanes or aluminium alkyls and subsequently 
ot3) reacting the oxide simultaneously with aluminoxanes and polyfunctional 
organic crosslinkers, 

p) suspending the catalyst support A) in an inert hydrocarbon and bringing it 
in contact with a solution of a metallocene compound B) of the formula I in 
an inert hydrocarbon, wherein 90.0 - 99.9 parts by weight of a catalyst 
support A) are mixed with 10-0.1 parts by weight of the metallocene com- 
pound B) 



M is a metal selected from the group consisting of Ti, Zr # Hf f V f Nb and Ta 
or an element selected from the group consisting of the lanthanides, 
X, and X 2 are identical or different and are each a C^C^-alkyl group, a C r 
C 10 -alkoxy group, a C 6 -C 10 -aryl group, a C 6 -C 10 -aryloxy group, a C 2 -C 10 -alkenyl 
group, a C 7 -C 20 -alkylaryl group, a C 7 -C 20 -arylalkyl group, a C 8 -C 20 -arylalkenyl 
group, hydrogen or a halogen atom, 

L 1 and L 2 are identical or different and are each an unsubstituted, monosub- 
stituted or polysubstituted monocyclic or polycyclic hydrocarbon radical con- 
taining at least one cyclopentadienyl unit which can form a sandwich struc- 
ture with M, 

R is carbon, silicon, germanium or tin, 

F and G are identical or different and are each a trimethylsilyl radical of the 
formula -Si(CH 3 ) 3 , where G may also be a C^C^-alkyl radical, preferably a 
(VC 4 -alkyl radical, or a C 6 -C 10 -aryl radical, 

y) modifying said supported metallocene catalyst, which has an activity of 
maximum 100 kg preferably maximum 50 kg, particularly preferred maximum 
20 kg polyolefin/g supported catalyst/h, by pre-polymerization with an olefin 
or an olefin mixture different from the olefin or olefin mixture of the subse- 
quent olefin polymerization, resulting in 0.01 - 1.0 parts by weight, relative 
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to the sum of the weight of the catalyst support and the rnetallocene com- 
pound, of a polyolefin or olefin copolymer C), different to the polyolefin or 

olefin copolymer tiorn the subsequent olefin polymerization, pr olefin co- 
polymerization, and whereby the melting point or softening point of the 
polyolefin or olefin copolymer C) resulting from pre-polymerization is at least 
20 °C, preferably 30 °C higher than the melting point or softening point of 
the polyolefin or olefin copolymer, resulting from the subsequent olefin po- 
lymerization c- >M*fin copofymeriza xlcr. un-e'e. a.^tcdiu u\ sfcic mournec; 
supported rnetallocene catalyst. 

6. The process for preparing a modified supported rnetallocene catalyst as clai- 
med in claim 5 r characterized in that the pre-polymerization in presence of 
the supported rnetallocene catalyst is carried out in gas phase. 

7. The process for preparing a modified supported rnetallocene catalyst as clai- 
me ^: L n claim 5 ~o r 6, characterized in that for liquid-phase polymerization of 
propylene the modification of the supported rnetallocene catalyst is carried 
out by pre-polymerization of 4-methylpentene-1 . 

8. A process for preparing polyolefins by polymerization or copolymerization of 
olefins, wherein a modified supported rnetallocene catalyst as claimed in any 
of claims 1 to 4 is contacted with the olefins. 

9. The use of modified supported rnetallocene catalysts as claimed in any of 
claims 1 to 4 as polymerization catalysts for the polymerization of olefins in 
particular for the polymerization of propylene. 
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Abstract: * ; 

A modified supported metallocene catalyst for olefin polymerization, comprising 



A) 90.0 - 99.9 parts by weight of a catalyst support based on a hydrophilic in- 
organic oxide of an element of main groups II to IV or transition group IV of 

£[•.* • cik-t-L . aLu- v.: c tnbiirte iieixec oxide ti'»£$fcd, w*«sct i oaiciysv happen 
is obtainable by simultaneous reaction with aluminoxanes and with polyfunc- 
tional organic crosslinkers, 

B) 10-0.1 parts by weight of a metallocene compound, 

whereby the supported metallocene catalyst comprising A) and B) has an activity 
of maximum 100 kg, preferably maximum 50 kg, particularly preferred maximum 
20 kg polyolefin/g supported catalyst/h and is modified by pre-polymerization 
with an olefin or an olefin mixture different from the olefin or olefin mixture of 
the subsequent olefin polymerization. The melting point or softening point of the 
polyolefin or olefin copolymer C) resulting from pre-polymerization is at least 20 
°C, preferably 30 °C higher than the melting point or softening point of the po- 
lyolefin or olefin copolymer, resulting from the subsequent olefin polymerization 
or olefin copolymerization under application of said modified supported metal- 
locene catalyst. 
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